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UTERKLComTROL I N T E S T I M T I O N  OF FIAPm CONTROIS ON A 

WIIPG WITH Q U . & H a R D  LfNE SWEPT BACK aspEcT 

RATIO 4, TAPER RATIO 0.6, AKD NaCA 65~006 AIRFOIL SECTION 

As part of an PIACA research program, an i n v e s t i ~ t f m  by the 
tranrrcmic4nmg methbd through a Mach range of 0.6 to 1.2 has been made 

control  characteristics of 3Cpercent"chord f'laptgpe cmtrole  of 
various spana. The wfng of the semispan fuselag- canbination 
had 45O of sweepback of the quarter-chord line, a taper r a t i o  of 0.6, 
an aspect  ratio of 4-0, and an NACA 65~006 airfoil  section p~tretllel t o  
the  free air stream. 

' i n  the Ispgley h i g h p e e d  7- by lO-foot tunnel t o  determfne the lateral  

R o w  and pitching maments and U t  -re obtained through a 
a m a l l  range of cmtrol  deflectlone. The ma jar i ty  of the data are 
presented as  control-effectiveneas parameters to show their variation ' 

with Mach n&er. In the bkch n M e r  region of 0.85 t o  1.0, the , 

results shared a decided decrease in the lifL and rolling-effectivenss 9 

parametere and a relatively anraUsr decrease in the   nes t ive  valuss of 
the pitching-effectiveness parameters. 

-a The urgent need for aerodynamfc data 3n the  tmnaonfc speed ranp 
and the paucitg thereof have led t o  the eetablishment of an integrated 

program, a series of wing-fuselage ccslflguraticma laav3ng wine: plan 
1 program far t r a n s a c  research. As part .of the NACA tranSmic research 



- NACA RM -9 

farm as the chief Tariable 
speed 7- by 1CLfoo-t tunnel 

This paper presents the  reeulte of-a la teralrccatrol   hwest igat ian 
of a semi8pan wing-fuaelage m o d e l  entploying a wing with the qumte- 
chord line swept back 45’, m aegect r a t i o  af 4, a taper r a t i o  of 0-6, 
and an I U C A  moo6  a i r fo i l   sec t ion .  The purpose of this investigation 
was Lo obtain lataral-control data with f lap type  ccmtrolt3 of 3CLpercent 
chord and various a p m .  The r e su l t s  of a previow  invee t iga t i~n  of 
the same wing fuselage without c a t r o l s ,  giving additimal aerodynamfc 
data, m y  be found in reference 1. 

MODEL AKD APPARATUS 

T h e  semispan wing had 45O . a f  eweepback at the quarte-hmd Ilns, 
a t ape r   r a t io  of 0.6, an aspect r a t i o  af 4.0,. and an IJACA 65~006 
a i r f o i l   s e c t i o n  (reference 2) parallel t o  the %e a l r  etream ( f ig .  1). 
T h e  w3ng was made of beryllium copper and the fuelage was.made of 
braes with all surPacea pollshed. The wing was mounted in the canter 
09 the fuselage ver t ical ly  and had no dihedral ar incfdence . The 
with the ordinates of figure 2, -6 bent t o  the ccartour of the bmg. J. 

 or the purp&e of &terminin@; the effect ~f fuselage cepe % cmt ro l -  
chwacterietice,  a few t ee t e  were made vith the wfng m d n t e d  an a 
cylindrical  body with an ogive nose in anticiptim of euch a fuPelaCe 
being used in free-f l ight   tes te  . o f  the wing. The hxing and the 
ard”te8 of the c y w i c a l  b d y  and the haticar of the q&er chatd 
of the msas ae rodpmtc  chard are  a lso  given in figure 2. 

fU80&Lge, U t h  -8 s d C i r C w  in CTOB8 8eCtiOIl apd in C c n f m t g  
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which an extsnsian of' the wing passed. . T h i s  hole =E covered by the 
fuselage end plate which was. approximately 0.03 inch above the bump 
&ace. 
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ro-t coefficient produced. by the control 
(rolUng-mcment coefficient with cmtzol  deflected 
mhue r o w a n e n t  coefficient without deflectian) 

effective dynamic pres~ure mer span of model, pounde 
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mas8 denaity of air, slugs per  cubic foot  

f r e w t r e a m  air velocity, feet per s e c d  

effective Mach number over span of' m o b e l  

average chordwiee local Mach number 

Local Mach nmber 

ReynolctB number of wing b a e d  ctn a 

angle of attack, degree8 

cont ro l   def lec t im  re la t ive   to  wing-chord plane, 
measured perpendicular t o   c o n t r o l  hinge axle 
(2osftive when trailing edge is down), degrees 

control span measured perpendicular t o  plane of 
symmetry 

. 

T h e  r o w e f f e c t i v e n e s s  parameters presented bre i a  repreeent 
the aerod-ynamlc effects  au a c q l e t e  prduced by t b  deflectIan 
of the control OR only one eemUpan of the ccmplete wiq. RefLoctim- 
plane  camactions have been applied t o  the data t h r w h o u t  the Mach 
ranee tested. The correction  factors which were appUed t o  the pram- 
3 tern ore riven in figare 4. .The  values of the correction factare  
given in f i g y e  4 mre obtained frcan unpubli8hed experimental l m p c e d  
dS1.a and thearet ical  cansiderations. A l t h w h  tlm corrections were 
bnmd on Iow-spee3 cansideratians .and m e  valid far the low Mach numbere 
only, it v8a bglieved that t h e  rasultls obtained by applying the 
corrections w o u l d  cive a ba t te r  repressntatim of' true ccm$ltians .than 
unc orl'tl c t; od data. 

. 
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The lift- and pitching+ffectiveness parameters represent  the 
aerodynamic effects of deflection in the mme directian of the cmtrols 
on bath  emf fa pass of the cnsrplete wing, and hence no reflection-glane 
carrectiana ase necessary far   the  Uft and pitc-ment data. 

No correctians were applied for any twisting or deflectim of the 
wing caused bp the air load. These  effects were belleved t o  be amall, 
however. 

The teste were made in the  Iasgley hi-eed 7- by 1O-foot 
tunnel usin@; an adastation of the I U C A  Uing"f1ar technique for 
obtaining  traneonic epee&. The technique used involves plac- the 
model in the  high-velocity -flow field generated mer  the curved surface 
of a bump on the tunnel floor (reference 3) Typical  cmtours of 
local Mach rimer in the  vicinity of the madel locat im cm the bump 
with m o d e l  removed are shown in figure 5. The ccsltours indicate that 
there is a Mach Turmber v a r i a t i a  of about 0.04 over the wing a d s p a n  
a t  lar Mach nunibers and about 0.07 at high Mach ntmiber~.. The chord- 
wise Mach rider var- t im is genera- less than 0.01.  he effective 

a .  Mach m e r  over the wing semfspan is  eetimated to be 0.02 -her thah 
the  effective h c h  number where 5CLpercenkpan outboard aileras 
normally would be located. Ro attanrpt bas been made t o  evaluate  the 
effects of this chordvise and epanwise mch Iu1I[iber variaticm. The 
L q 4 a s h  linea near 'tb-root of the wirtg in figure 5 indicate a 
local Mach  nuniber 5 percent below the maxhnm value and represent  the 
eatlmated  extent of the bump bazndarg lager. The effective  test  bkch 
number waa obtained frcan cmtour  charta e"f3Rr to thoae presented in 
figure 5 by using the relatimahip 

. 

. 

The variation of the mesa test Reynolds nmiber w i t h  Mach n-dber 
i e  shown in  figure 6. The boundaries on the  figure are an indication 
of the probable range in Reynold8 nuniber caused By vmiations in t e s t  
conditions during the cc1uT8e of the inveetigaticm. 

Force mcanent data were obtained with cantrole of various 
spans thr h a Mach  nuniber range of 0.60 t o  1.20, an anglsof-attack 
range of 2 to 6O, and a contro2-deflectim range of Oo t o  loo, p h s  
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sane data on the 43-percent"Span  aztbomd. c m t r o l  up t o  a defbc t i an  
of 30°. Same addi t iana l   t es t s  were made with the cylindrical  body 
in place of the trarmmic+resea?ch fueelage. 

A marked decrease in  ro- and Uft effectiveness occurs 
between Mach nurt~Bers of 0.85 and 1.0, aSa a relat ively Bmaller decrease 
i n  the negative values of the p i t c m f f e c t i v e n e s s  parameter OCCUTB 
in the 6- 'Mach number regim (figfl. 10 t o  12). 

The effectivemas of colltrols c f  various spans e " t i r q  at  t h e   t i p  
(fig. 13) indicate8 that the outbmrd 2le~ercenupan c e r o 1  givee 
very low ro l l ing  effectiveness. Although there are caneiderable 
differences in  rolling effectiveness for a given c m t r o l x i t h  
increasing Mach nmiber, the general shape of the  curve8 rarpaina the / 

8 a m .  This  would indicate that the relative effectivenese aP a 
partial&pan cantrol to a -pan control is little affected by Mach 
number. On the other hand, the pitching-effectivenes~ data (ffg. 13) 
indicate greater  relative loss in effectiveness at  rsupersmic Mach 
numbers for cmtrolfl near the w i n g  t l p  .than far cmtrole  near the root. 

A ccqarisan 'of  the values af C t g  obtained at lov Mach numbere 

in this Investige;tion with thoee estimated by the method of reference 4 
 show^ fair agreement (fig. 14). 
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Effect of fuselage shape.- A ccuqarfsd;n of the r o w a n e n t  
coefficients resulting fram a 5O deflectian of both a 43-percenbpan 
and 8&percent”span outkcard control m the vdng with the re- 
tranmnic-zesearch fueelage and with the cylindrical body of f igme 2 
s h m  U t t l e   e f f e c t  of fuselage shape. (See fig. 1-3.) A decrease in 
effectiveness of the 8&percent”epas control can be noted for angles 
of attack frm -ko t o  - 6 O  when the c;glindrical body is used, otherwise 
the differences a r e  emall asd dthin the experimental accuracy of 
the tests. 

Iangley Aeronautical Iabaratq  
Natianal Advisory Camittee far Aeronautics 

Langley A l r  Force Base, Va. 
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Figure 1.- General arrangement of model vith 45' meptback uing, aspect ra t io  4, taper ratio 0.6, 
and NACA 65~006 airfoil. 
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'Figure 2.- Drawings and ordidtes of the fuselage ?x~cl cylindrical body. 
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Figure 3.- Details of controls tested. 
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Figure 4.- Ref1ection”pLane correction  factor8 fo r  inboard and outboazd 
controls ’of varioue spane f o r  a wing of 45O of sweepback, aspect 
ratio 4, and taper r a t i o  of 0.6. 
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Mgure 5.- 'pyplcal h h  number contours wer transonic bump in regLon o f   pode el. location. \s 3 
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Figure 6.- V&tion of terrt Reynolb number wlth Mach nuniber for model wlth 45" sweptback xi%, 
aspeot ratio 4, taper r a t l o  0.6, and NACA 6x006 airfoil. u 
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Ffgure 7.-TariatIon of lift coefficient with control deflection for 

various Mach ntmibera. b, = 0.43-, b outboard; a = 2O. 
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Figure 9.- Variation of pitch-nt coefffcient wi th  control 

deflection for vsr~ous Mach nunibera. b, = O.L+, outboard; 

a = 2 .  
2 

0 



I 

' I  . 

.03 

,02 

I 

4 
0 

2 

Fi 
P 

Og6 1 Outboard ""_ 0.43 

.6 .7 .8 .9 10 Il E' -6 .7 -8 .9 LO dl 12 
Mach number, M ., Mach number, 44 

pigure 10.- Variation of lif't-effectiveneee pwamter  xith Mach number. 
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Figure ll.- Variation of roll+f9ectiveness -ter Kith Mach number. 
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Figure E.-Variation of pitchirqp3ffectiuenese petrameter with 
Mach number. 
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c 

* Figure 14.- Caparison of the experfmental and e.atlmac,’ed variation of 
r rolling.effectivenese with control span. a = 00, 
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Figure 15.- Effect of replacing tramonic-remarch fieelage with 
cylindrical body. Flagged symbols denote cglindrical body. 
6 = 50. 
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